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cal regression techniques relating simple material characterizations, traffic characterization, and measures of performance.
In recognition of the limitations of the current AASHTO guide, the new Mechanistic-Empirical Pavement Design Guide (MEPDG) and its software were developed through NCHRP Project 1-37A (5) . The mechanistic part of MEPDG is the application of the principles of engineering mechanics to calculate pavement responses (stresses, strains, and deflection) under loads for the predictions of the pavement performance history. The empirical nature of the MEPDG stems from the laboratory-developed pavement performance models being adjusted or calibrated to the observed performance measurements (distresses) from the actual pavements. The MEPDG's mechanistic-empirical procedure will require an even greater effort to successfully implement a useful design procedure. Without calibration, the results of mechanistic calculations cannot be used to predict rutting, cracking, and faulting with any degree of confidence. The distress mechanisms are far more complex than can be practically modeled; therefore, the use of empirical factors and calibration is necessary to obtain realistic performance predictions.
The MEPDG does not provide a design thickness as the end products; instead, it provides the pavement performance throughout its design life. The design thickness can be determined by modifying design inputs and obtaining the best performance with an iterative procedure. The performance models used in the MEPDG are nationally calibrated using design inputs and performance data largely from the national Long-Term Pavement Performance (LTPP) database. The LTPP database used for national (global) calibration of MEPDG includes no hot-mix asphalt (HMA) sections and only one portland cement concrete (PCC) pavement section in Iowa (5) . Thus, it is necessary to calibrate MEPDG performance models for local highway agencies' use by taking into account local materials, traffic information, and environmental conditions.
The local calibration process involves three important steps: verification, calibration, and validation (6) . Verification refers to assessing the accuracy of the nationally (globally) calibrated prediction models for local conditions. Calibration refers to the mathematical process through which the total error or difference between observed and predicted values of distress is minimized. Validation refers to the process to confirm that the calibrated model can produce robust and accurate predictions for cases other than those used for model calibration.
The first step of the local calibration plan is to perform verification runs on the pavement sections using the nationally calibrated MEPDG performance models (6) . The MEPDG (5) The performance models used in the Mechanistic-Empirical Pavement Design Guide (MEPDG) are nationally calibrated with design inputs and performance data obtained primarily from the national Long-Term Pavement Performance database. It is necessary to verify and calibrate MEPDG performance models for local highway agencies' implementation by taking into account local materials, traffic information, and environmental conditions. This paper discusses the existing pavement management information system (PMIS) with respect to the MEPDG and the accuracy of the nationally calibrated MEPDG prediction models for Iowa highway conditions. All the available PMIS data for Interstate and primary road systems in Iowa were retrieved from the Iowa Department of Transportation (DOT) PMIS. The retrieved databases were then compared and evaluated with respect to the input requirements and outputs for Version 1.0 of the MEPDG software. Using Iowa DOT's comprehensive PMIS database, researchers selected 16 types of pavement sections across Iowa (not used for national calibration in the NCHRP 1-37A study). A database of MEPDG inputs and the actual pavement performance measures for the selected pavement sites were prepared for verification. The accuracy of the MEPDG performance models for Iowa conditions was statistically evaluated. The verification testing showed promising results in terms of MEPDG's performance prediction accuracy for Iowa conditions. Recalibrating the MEPDG performance models for Iowa conditions is recommended to improve the accuracy of pavement performance predictions.
The current AASHTO Design Guide is based on methods that have evolved from the AASHO Road Test (1958) (1959) (1960) (1961) (1) . Through a number of editions from the initial publication in 1962, the interim guide in 1972 (2) and later editions (3, 4) , minor changes and improvements have been made. Nonetheless, these later modifications have not significantly altered the original methods, which are based on empiri-that a verification database be developed to confirm that the national calibration factors or functions of performance models are adequate and appropriate for the construction, materials, climate, traffic, and other local conditions.
The input data types required for analysis using the MEPDG software range from simple data, such as the pavement design features and pavement geometrics, to detailed data obtained from destructive testing (e.g., HMA dynamic modulus and PCC elastic modulus), nondestructive testing (e.g., falling weight deflectometer testing), and drainage surveys. The performance measures projected from MEPDG include longitudinal cracking, rutting, fatigue cracking, and thermal cracking for HMA pavements, and jointed plain concrete pavement (JPCP) joint faulting, JPCP transverse cracking, and continuously reinforced concrete pavement (CRCP) punch-outs (with limited crack width calibration) for PCC pavements. International Roughness Index (IRI) is also projected for new and rehabilitated pavement systems. Many of this information actually measured can be obtained from the local agency's pavement management information system (PMIS). However, it is also needed to systematically evaluate the existing PMIS with respect to the MEPDG input parameters and projected performance measure results for local calibration.
SCOPE AND OBJECTIVES

Scope
To effectively and efficiently transition from current pavement design methodology to the MEPDG, the Iowa Department of Transportation (DOT) developed a strategic plan for implementing the MEPDG through research projects with Iowa State University in 2005. An implementation plan consists of general implementation and full implementation efforts (7) . The general implementation efforts are high-priority research activities to demonstrate the benefits of MEPDG in Iowa. These activities include sensitivity analyses; examination of MEPDG design components related to traffic, climate, structural and nonstructural elements; and verification of the nationally calibrated MEPDG performance models using available data from the Iowa DOT's PMIS. On the basis of the findings from the general implementation efforts, Iowa DOT has developed a plan for full implementation focusing mainly on local calibration of MEPDG in Iowa.
The research described in this paper was conducted as part of the general MEPDG implementation for Iowa DOT. The scope of this paper includes the evaluation of the existing PMIS with respect to the MEPDG input and output information and the verification of the nationally calibrated MEPDG performance models using available data from Iowa DOT's PMIS. Level 3 inputs were selected for verification of MEPDG.
Objectives
The primary objectives of this research are to (a) to evaluate the type, accuracy, and timeliness of information collected in the Iowa DOT's PMIS regarding the MEPDG input and output information; (b) determine whether the nationally calibrated performance models used in the MEPDG provide a reasonable prediction of actual performance; and (c) to examine if desired accuracy or correspondence exists between predicted and monitored performance for Iowa highway conditions.
To accomplish these objectives, all the available PMIS data for Interstate and primary road systems in Iowa were retrieved from the Iowa DOT's PMIS. The retrieved databases were then compared and evaluated with respect to the input requirements and outputs for Version 1.0 of the MEPDG software. Using Iowa DOT's comprehensive PMIS database, researchers selected 16 different types of pavement sections across Iowa, not used for national calibration in NCHRP Project 1-37A. The MEPDG input parameter database for the selected pavements was prepared primarily from Iowa DOT's PMIS. A database of the actual pavement performance measures available was also prepared. The accuracy of the MEPDG performance predictions for Iowa conditions was statistically evaluated. On the basis of the findings of this research, recommendations are made for future MEPDG local calibration efforts for Iowa conditions.
EVALUATION OF IOWA DOT's PMIS FOR MEPDG
Each year, the Iowa PMIS database contains more than 3,000 data records, including detailed information for HMA, JPCP, CRCP, and overlaid (composite) pavement systems. Each data record includes traffic volumes, pavement material and structure related information, and distress survey results that use about 270 columns when the database is formatted in an Excel spreadsheet. However, Iowa DOT's PMIS does not have detailed material property inputs (subgrade resilient modulus, HMA dynamic modulus, PCC elastic modulus, etc.) and detailed traffic characterization inputs (vehicle class distribution, hourly traffic distribution, etc.). The available information from Iowa DOT's PMIS was also compared with the rehabilitation information required for running Version 1.0 of the MEPDG software. These comparisons for HMA and PCC rehabilitation design are summarized in Table 1 . Only four of nine input parameters of Before restoration, percent slabs with transverse cracks plus percent previously replaced or repaired slabs After restoration, total percent replaced or repaired slabs CRCP punch-out (per mile) Month modulus of subgrade reaction measured Placement of geotextile prior to overlay Before restoration, percent slabs with transverse cracks plus percent previously replaced or repaired slabs After restoration, total percent replaced or repaired slabs CRCP punch-out (per mile) Monthly modulus of subgrade reaction measured MEPDG HMA rehabilitation and only three of seven input parameters of MEPDG PCC rehabilitation are available in the current PMIS. These results indicate that the Iowa DOT PMIS should be revised to incorporate periodically collected data for the identified unavailable parameters for successful implementation of the MEPDG in Iowa.
The pavement distress types and units of distresses collected from distress survey results and the recorded data in Iowa DOT's PMIS were also compared with those of MEPDG performance predictions (see Table 2 ). In general, most of the MEPDG performance measures are available in Iowa DOT's PMIS. However, three performance measures for CRCP, punch-out, maximum crack width, and minimum crack load transfer efficiency (LTE) are not available. Also, the measurement units for JPCP transverse cracking as well as HMA alligator and thermal (transverse) cracking reported by MEPDG cannot be compared with those of Iowa DOT's PMIS. These results indicate that the proper conversion methods of pavement distress measurement units from PMIS to MEPDG should be developed for the future local calibration of MEPDG for Iowa conditions. Iowa DOT's PMIS provides only accumulated (total) surface rutting values observed in the pavement systems, whereas MEPDG provides individual pavement layer rutting predictions. This difference can lead to difficulties in the local calibration of MEPDG rutting models because pavement sublayers below the surface layer contribute to total rutting value. The PMIS data are reported in the International System of Units units, whereas U.S. customary units are used in MEPDG, although this is not a big concern.
DATA COLLECTION
To develop the required database needed for MEPDG verification testing, researchers selected, in consultation with Iowa DOT engineers, representative pavement sections across Iowa for different pavement types (flexible, rigid, and overlaid/composite), geographical locations, and traffic levels.
Five HMA and five JPCP sections were selected under flexible and rigid pavement categories, respectively. These pavements were not used for national calibration through NCHRP Project 1-37A. Six overlaid (composite) pavement sections-three HMA over JPCP, and three HMA over HMA sections-were also selected. Table 3 summarizes the pavement sections selected for this study. Among The MEPDG pavement inputs related to the selected sections were obtained primarily from the Iowa DOT's PMIS. Other major sources of the data include online project reports relevant to MEPDG implementation in Iowa (8, 9) . If specific input data were not available, the best estimated typical value in Iowa conditions was used, considering its level of sensitivity with respect to MEPDG predicted performance. Level 3 inputs were selected because most data used in this study are typical Iowa values. A detailed database was prepared and formatted in a manner suitable for input to the MEPDG software. The descriptions of the input data and sources are presented next.
General Project Inputs
The general project inputs section of the MEPDG is categorized into general information, site/project identification information, and analysis parameters. General information consists of information about the pavement type, design life, and time of construction. Site/project identification information includes pavement location and construction project identification. The analysis parameters require initial smoothness (IRI), distress limit criteria, and reliability values. Most of the information required, except distress limit criteria, can be obtained from Iowa DOT's PMIS. The MEPDG software default values were applied to distress limit criteria.
Traffic Inputs
The base year for the traffic inputs is defined as the first calendar year that the roadway segment under design is opened to traffic. Four basic types of traffic data for the base year are required for the MEPDG: traffic volume, traffic volume adjustment factors, axle load distribution factors, and general traffic inputs. Iowa DOT's PMIS provides annual average daily truck traffic for the base year under 
Climate Inputs
The MEPDG software includes climate data at weather stations in each state. The MEPDG software can also generate climate data by extrapolating nearby weather stations if the latitude and longitude values are known. The specific location information of selected sections obtained from Iowa DOT's PMIS was input and then the climate data of each section was generated.
Pavement Structure and Materials Inputs
The MEPDG pavement structure inputs include types of layer material and layer thicknesses. This information can be obtained from Iowa DOT's PMIS. For selected HMA over PCC and HMA over HMA pavements in the overlaid pavement category, additional MEPDG input parameters are required for rehabilitation design (see Table 1 ). Iowa DOT's PMIS can provide some of this information, including milled thickness, total rutting of existing pavement, and subjective rating of pavement condition.
Detailed material properties were difficult to obtain from Iowa DOT's PMIS, especially for older pavement sections. It is difficult to ascertain if the MEPDG default values are applicable to Iowa conditions. Examinations of typical Iowa pavement material properties were conducted for projects related to MEPDG implementation (7). These material properties include PCC elastic modulus, asphalt binder and aggregate properties, HMA volumetric properties, thermal properties of HMA and PCC, unbound materials resilient modulus, and so forth. Recently completed project reports related to MEPDG implementation in Iowa were reviewed. Typical pavement material properties for Iowa roadway systems could be obtained from these project reports (10-13).
PMIS Performance Data
A database of historical performance data for the selected sections was prepared from Iowa DOT's PMIS. Most of MEPDG performance prediction indicators are available in Iowa DOT's PMIS. However, the units reported in PMIS for some pavement performance measures (JPCP transverse cracking, and alligator and thermal (transverse) cracking of HMA and HMA overlaid pavements) are different from those used in MEPDG (see Table 3 ). These pavement performance data were not used for verification. Even though MEPDG provides rutting predictions for individual pavement layers, Iowa DOT's PMIS provides only accumulated (total) rutting observed in the HMA surface. This difference can lead to difficulties in the calibration of individual pavement layer rutting models.
Additionally, some irregularities in distress measures were identified in Iowa DOT's PMIS. Occasionally, as shown in Figure 1 , distress magnitudes appear to decrease with time or show erratic patterns without explanation.
Such irregularities in observed distresses were also reported by recent studies by Wisconsin DOT (14) and Washington DOT (15) . The Wisconsin study (14) suggested two possible explanations. First, minor maintenance may have been applied to improve pavement performance. Minor maintenance activities are not categorized as restoration or reconstruction that can be considered by the MEPDG and are not recorded in detail by DOT's PMIS. Second, the irregularity may be due to human factors and measurement location arising from distress surveys.
NCHRP Project 1-40 B (6, 16) recommends that all data be evaluated for reasonableness check, and any irrational trends or outliers in the data be removed before evaluating the accuracy of MEPDG performance predictions. Comparisons of performance measures (MEPDG versus actual) were conducted for this purpose. 
Accuracy of Performance Predictions
Some NCHRP research projects are closely related to local verification and calibration of MEPDG performance predictions (6, (16) (17) (18) (19) . These studies recommend using the goodness-of-fit statistics and null hypothesis test to assess if there is any systematic difference between the measured and predicted distress values. The goodness-of-fit statistics includes bias or residual error (e r ), standard error of estimation (S e ), standard deviations (S y ), and coefficient of determination (R 2 ). These studies also recommend calibrating the MEPDG performance models to local conditions if there are significant systematic differences.
Following the NCHRP studies recommendations, the current study also adopted the goodness-of-fit statistics and null hypothesis test (a paired t-test) to check the accuracy of the MEPDG performance prediction models with national calibration factors for Iowa conditions. The accuracy of longitudinal cracking was not evaluated because it was later recommended by NCHRP Project 1-40B (20) that the longitudinal cracking model be dropped from the local calibration guide development because of lack of accuracy in the predictions. Table 4 includes the goodness-of-fit statistics results for Iowa pavements selected in this study. It also includes the goodness-of-fit statistics results obtained from national calibration using LTPP data. It is observed that the goodness-of-fit statistics results for IRI of Iowa HMA and overlaid pavement sections are comparable to those obtained from national calibration.
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The null hypothesis test results for the HMA and JPCP pavements are presented in Figure 6 and those for the overlaid pavement systems are presented in Figure 7 . The hypothesis here is that no significant differences exist between the measured and predicted values. A p-value greater than .05 (alpha) signifies that no significant difference exists between the measured and predicted values and, hence, the hypothesis is accepted. As shown in these figures, it can be observed that all p-values except IRI of HMA over JPCP are less than .05 (alpha), signifying that systematic difference (bias or residual error) exists between the measured and predicted values. Only IRI values for HMA over JPCP do not have any systematic difference. Even though p-values for IRI of HMA and HMA over HMA pavements are less than .05 (alpha), the values of IRI at these pavements as shown in Figures 6b and 7d are close to line of equality, signifying good agreement between the actual values and predictions. These results indicate that systematic difference needs to be eliminated by recalibrating the MEPDG performance models to local conditions and materials.
SUMMARY
As part of the MEPDG implementation efforts in Iowa, the existing PMIS with respect to the MEPDG and the accuracy of the nationally calibrated MEPDG prediction models for Iowa conditions have been evaluated and discussed. Based on this study, the following conclusions and recommendations were made to improve the accuracy of MEPDG predictions under Iowa conditions.
Conclusions
• The MEPDG-predicted IRI values are in good agreement with the actual IRI values obtained from Iowa DOT's PMIS for flexible and HMA overlaid composite pavement systems.
• Systematic difference (bias or residual error) was found for MEPDG rutting and faulting model predictions for Iowa highway conditions and materials.
• The HMA alligator and thermal (transverse) cracking and the JPCP transverse cracking in Iowa DOT's PMIS are differently measured compared with MEPDG measurement metrics.
• MEPDG provides individual pavement layer rutting predictions, whereas Iowa DOT's PMIS provides only accumulated (total) surface rutting observed in the pavement systems. This difference can lead to difficulties in the local calibration of MEPDG rutting models for pavement sublayers.
• Irregularity trends in some of the pavement distress measures recorded in Iowa DOT's PMIS for certain pavement sections are observed. These may need to be removed from the PMIS for successful verification and local calibration of the MEPDG models. 
Recommendations for Local Calibrations
• Recalibrating the MEPDG performance models to Iowa conditions is recommended to improve the accuracy of predictions.
• Increased number of pavement sections with more reliable data from Iowa DOT's PMIS and the LTPP database should be included for successful local calibration.
• All the actual performance data should be subjected to reasonableness check, and any presence of irrational trends or outliers in the data should be removed before performing local calibration.
• Local calibration of HMA longitudinal cracking model included in the MEPDG should not be performed before it is refined further and released by the MEPDG research team.
• A field investigation of trenches on HMA pavements with rutting should be conducted to determine the amount of rutting contributed by each pavement sublayer to the accumulated (total) surface rutting observed in Iowa pavements. This can help determine the selection of different MEPDG rutting models (HMA and unbound materials) associated with pavement component layers for local calibration.
• Before performing local calibration, it should be ensured that pavement distress measurement units between PMIS and MEPDG match. The PMIS records both severity and density of cracks, whereas the MEPDG models predict only the density of cracking. 
